INTRODUCTION
In the study of hepatic enzymes and other proteins, it has become apparent that many proteins are heterogeneously distributed over the hepatic lobule. In addition, heterogeneous fluxes through several metabolic pathways (e.g. ammonia fixation, gluconeogenesis) has also been observed. This phenomenon, termed metabolic zonation, has been studied by several techniques, including microdissection of hepatic zones, isolation of periportal and perivenous hepatocytes, and immunohistochemistry [1] [2] [3] [4] [5] . We have applied the technique of dual-digitoninpulse perfusion, which allows the selective sampling of digitoninreleasable contents from the cytosolic compartment of the periportal and perivenous regions [2, [6] [7] [8] [9] [10] . The advantages of this technique include its high selectivity, the rapidity ofsampling, and high reproducibility between experiments.
Two general forms of intrahepatic gradients of enzymes and other proteins have been collectively recognized by these techniques, and both types of gradients can be expected to translate into functional heterogeneity as well. First, there is zonal distribution of cellular enzyme/protein content, as judged by enzymeassay, immunohistochemistry, and/orimmunoblotting of eluted fractions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Second, for at least one interconvertible enzyme, acetyl-CoA carboxylase, there is zonal variation in the actual enzyme specific activity, due to variable enzyme phosphorylation [9, 10] .
Zonation of the content of any given protein could occur by several mechanisms, including zonal differences in mRNA production/degradation, variable translational efficiency or variable protein degradation. There 
Protein analysis of eluted fractions
The initial sample was used in Copenhagen to measure eluate protein and the activities of pyruvate kinase and alanine aminotransferase, markers of zonation, as in [6, 7] . On arrival at Dartmouth, samples were rapidly thawed and then centrifuged (160000 g for 60 min) to remove debris. After confirmation of protein content, samples were prepared for SDS/PAGE. For the purposes of the present paper, protein analysis was largely confined to immunoblotting. Denatured samples were separated on SDS/polyacrylamide gels and electophoretically transferred to poly(vinylidene difluoride) membranes. After blocking and incubation with primary antibody (see the text), all blots were secondarily probed with horseradish-peroxidase-labelled secondary antibodies. Immunoreactive bands were identified by chemiluminescence (Amersham, ECL reagent) on exposure to Kodak XAR film. Exposure times varied between 2 and 30 s, depending on the analysis performed. The representative data shown in this report were derived by pooling of four periportal or perivenous eluates for each nutritional condition, in order to minimize any intrasample variation. Analysis of individual samples confirmed the reproducibility of the technique of collection, as previously reported [6, 7, 9, 10] . With respect to the enzyme acetyl-CoA carboxylase, eluate concentrations of this protein in non-denatured samples were also determined by avidin/antibody sandwich e.l.i.s.a. [15] .
RNA analysis of siuted fractions
After sample receipt at Dartmouth, total RNA was isolated from the guanidinium-quenched samples by the method of Cathala et al. [16] , with the following modifications: the concentration of SDS in the solubilization buffer was 1 % and the RNAs were precipitated with 3.5 vol. of 4 M LiCl per vol. of homogenate. After determination of RNA content (A260), each individual sample was analysed for integrity by RNA electrophoresis and ethidium bromide staining. Analysis of RNA samples on Northern blots was performed as described in [17] , with a single modification. Agarose gels used in the electrophoretic separation of RNA did not contain formaldehyde [18] whereas glucokinase is more prominent in the perivenous zone * [1, 4] . Furthermore, the measured activity of each of these hepatic * enzymes varies as a function of the nutritional state; PEPCK activity is highest in fasted rats and declines with high-carbo- 4 hydrate feeding, whereas glucokinase activity displays the inverse regulation [1, 4] . In the analysis of our protein-eluate fractions, PEPCK enzyme protein shows a periportal preponderance in the fasted state and falls to undetectable levels on high-carbohydrate RNA In periportal refeeding (Figure 2a) . The zonal distribution and change in protein content during refeeding is paralleled by an identical pattern of mRNA distribution/content (Figure 2b ). In contrast, i periportal (P) and glucokinase mRNA shows a relative perivenous zonation and is h-refed (F/R 24) and induced on refeeding (Figure 2c ).
i v e Nophern blot of
The fatty-acid-synthesizing enzymes, acetyl-CoA carboxylase, animalsv probed with ATP citrate lyase and fatty acid synthase, are also known to be acetyl-CoA carboxylase is actually higher in periportal hepatocytes, due to a relative enzyme dephosphorylation [9, 10] .
All three enzymes are also subject to marked nutritional variation in content, being very low in fasted animals and 'hyperinducing' (b) on refeeding with high-carbohydrate chow [9, 10, 15] . In a previous PEPCK study, we reported a small net perivenous/periportal gradient in mRNA acetyl-CoA carboxylase content as measured by e.l.i.s.a. that did not reach statistical significance [10] . [9, 10] . This pattern of nutritional induction, coupled with a slight perivenous predominance of all three mRNAs, is seen on Northern analysis of the eluted fractions ( Figure 3 paralleling the lack of zonation of pyruvate kinase activity NA from split-stream-previously reported (results not shown) [1, 2, 6, 7] . Analysis of ed with 32P-labelled 4spot 14', a thyroid-hormone-and carbohydrate-regulated hepreference to stained atic protein [22] , showed parallel marked induction of both nase mRNAbl n some protein and mRNA by refeeding, with nearly equal distribution to stained standards between periportal and perivenous fractions (results not shown).
As judged from the elution pattern of marker enzymes, it is clear that the dual-digitonin-pulse perfusion technique, as used in the present study, does not elute the mitochondrial comimunoblotting partment, since less than 0. of proteins. In these feasibility studies, we have explored three such mRNAs: those for the insulin receptor, HMG-CoA reductase and the GLUT-2 glucose transporter. As shown in Figure 4 , there is no marked zonation of HMG-CoA reductase mRNA; an apparent small zonation of the mRNA for the insulin receptor to the periportal side is seen. In addition, insulinreceptor mRNA content appears to be induced in both hepatic zones on refeeding. We are unaware of other studies examining intrahepatic distribution of insulin-receptor mRNA, although HMG-CoA reductase mRNA, measured by hybridization in situ, has been reported to have a periportal localization under different nutritional conditions from those employed in the present study [24] . Confirming the results of others, we additionally found no zonation of GLUT-2 mRNA in fed animals (results not shown) [ 
